Granular Responses of GdBa2Cu3O7-δ Using ac Magnetic Susceptibility Measurement under ac and dc Magnetic Fields  by Namuco, S.B. et al.
 Physics Procedia  45 ( 2013 )  169 – 172 
1875-3892 © 2013 The Authors. Published by Elsevier B.V.
Selection and/or peer-review under responsibilty of ISS Program Committee. 
doi: 10.1016/j.phpro.2013.04.079 
 
*Corresponding author. Tel.:+63-915-941-8303; fax: +632-926-1002 
E-mail address: snamuco@nip.upd.edu.ph. 
ISS2012 
Granular responses of GdBa2Cu3O7-  using ac magnetic susceptibility 
measurement under ac and dc magnetic fields 
 
S.B. Namuco*, M.L. Lao, R.V. Sarmago 
 
National Institute of Physics, University of the Philippines Diliman, 1101 Philippines 
 
 
 
Abstract 
 
Granularity of bulk materials has a great impact on the characterization of superconductors as well as its path towards room 
temperature applications.  Bulk GdBCO that has crystal formation and Tc close to YBCO were fabricated using the conventional 
solid state route method. AC magnetic susceptibility measurement is done on the sample to observe the granular responses brought 
about by small magnetic field values that is superimposed with DC magnetic field. Results show that compared to YBCO, GdBCO 
show more sensitive behaviour with the addition of DC magnetic field. It is shown in the results that abrupt response in the AC loss 
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1. Introduction 
  
Intimately related to High Temperature Superconductors (HTS) is granularity. Transport and magnetic properties 
of bulk superconducting materials are embedded on the property of the grains[1]. Properties such as grain distribution, 
grain size, voids and grain boundary affect the intrinsic and extrinsic behaviour of the sample. The intrinsic 
contribution is associated with the inherent magnetic property of the grains known as the intragranular response. On 
the other hand, the extrinsic behaviour is observed from the coupling of the grains complementary to the intergranular 
response [2]. Intriguing features observed on magnetization curves and magnetic field dependence of isothermal 
magnetization brought about by Josephson junctions can be direct manifestations of granularity [1].  
Due to the stability of YBCO, high temperature superconductivity on other rare earth elements (RE = Gd, Eu, Sm, 
Er, Nd) is investigated as substitute for Y. Gd having its isotropic property and provides higher nucleation rate than Y 
makes a better candidate for investigation [3]. It assumes an orthorhombic crystal structure and recent studies have 
observed Tc almost the same as YBCO [4]. Like YBCO, GdBCO shows a very sensitive susceptibility behavior to the 
applied field due to the network of grain boundaries. When a DC magnetic field is added to a time varying AC 
magnetic field, clear observations of the intragrain and intergrain responses can be seen. The two different screening 
currents induced on the surface of the sample account for the features observed in . In this study, 
superposition of AC and DC magnetic field using AC susceptibility measurement is done to explore the microstructure 
and magnetic properties of GdBCO and YBCO at different external magnetic field amplitudes. 
 
2. Methodology 
 
A bulk GdBCO material is prepared using solid state method. Stoichiometric amounts of the powders are mixed 
and ground in an agate mortar and pestle. It is then pressed into pellet at 10 tons for 10 minutes. The pellet was 
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sintered in a tube furnace at 9000C for 24 hours under ambient air and sintered again at 9500C for 20 hours with 
intermediate grinding. The sample was then annealed at 9000C for 20 hours then cooled down to 5500C for 10 hours 
and heated at the same temperature for 6 hours with flowing oxygen. The high sintering temperature profile of the 
sample is done to facilitate partial melting in the sample, slightly the same as the sintering profile done on ref [2]. 
Characterization using XRD is done to determine the purity of the sample and SEM imaging to verify the 
morphology of the surface. AC magnetic susceptibility is done to investigate the behaviour of the sample to a time 
varying AC magnetic field superimposed with a DC magnetic field. Values of the AC magnetic field range from 0.37-
1.84 mT at constant frequency of 800 Hz and 0.0258-0.129 mT at constant frequency of 12800 Hz.  Dc magnetic field 
has values of 0-3.21 mT at constant AC field of 0.93 mT for bulk GdBCO sample. Susceptibility data for YBCO is 
done at constant AC field of 0.74 mT and DC magnetic field of 0-4.53 mT. Non zero magnetic susceptibility at Tc 
above zero is obtained due to background signals. Background susceptibility measurements (no sample inside the 
chamber) are obtained and subtracted from the actual susceptibility measurement (with sample) of the same 
parameters set for each sample so that only the sample  response is reported. Phase tuning at the dual phase lock in 
amplifier is also done at the low AC field for each frequency. 
 
3. Results and discussion 
 
 
 
 
 The surface morphology of the bulk sample is shown in figure 1. Irregularly shaped grains as well as rectangular 
grains are evident. Voids are also present in the surface. These voids might serve as non-superconducting regions and 
can be regarded as pinning sites. Partial melting occurs during heat treatment, thus uniformity in the grain size is not 
achieved. However, grain boundaries are defined in the figure.  
In figure 2a Tc is shown at 88 K and saturation at 12 K increases with the increase in the applied magnetic field. 
The drop below the transition temperature does not change in slope however, with increasing magnetic field, a hump 
at a lower temperature emerges leading to a less negative saturation value. In figure 2b, the smaller peak 
corresponding to the intragranular response of the grain increases with increasing AC magnetic field. The larger peak 
corresponds to the intergrain response of the sample and as shown, the intergrain loss peak moves to lower 
temperatures with a decrease in magnitude. Increasing the magnetic field applied on the sample favors the response of 
the individual grains on the applied magnetic field. Meanwhile, the coupling of the grains is subdued. 
 
  
 
 
 
At lower AC magnetic fields shown in figure 3, field dependent AC magnetic susceptibility is shown. Intergrain 
 onset is still at 88 
K. On the other hand, s visible. 
Slight deviation in the peak temperature is shown with the increase in the applied AC magnetic field. Screening 
currents induced in the surface of the sample becomes coherent easily due to the grain structure of the sample as seen 
(a) (b) 
Fig. 1. SEM image of prepared bulk GdBCO sample at magnification of 3000x. 
Figure 2. AC magnetic susceptibility results of bulk GdBCO at varying AC magnetic field strength at constant 
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in the SEM images. It can be noticed that individual grains are much closer to each other facilitating easy passage of 
the screening currents [4].  
 
 
 
 
 
Figure 4 DC magnetic field bias is 
added. 
response of the sample. It is apparent that upon the addition of DC magnetic field bias, the response of the sample as 
Response on individual grains is driven by a larger magnetic field value. This means that the lower the magnetic field 
induced in the material, the easier for the grains to couple and act as a single grain. Linear magnetization in the sample 
   
 
 
 
 
 
vortices but from other factors such as grain resistance and eddy currents present. 
 
 
 
(a) (b) 
(a) 
(b) 
Figure 3. AC susceptibility of bulk GdBCO sample at lower applied AC magnetic field values at a constant 
frequency of 12800 Hz. 
Figure 4. AC magnetic susceptibility of bulk GdBCO sample when DC magnetic field bias is superimposed with 
AC magnetic field at a constant  Bac = 0.93 mT 
Figure 5. AC magnetic field susceptibility of YBCO bulk sample with superposition of DC magnetic field at 
constant AC magnetic field., Bac = 0.74 mT 
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In figure 5, AC susceptibility of YBCO with superimposed AC and DC magnetic fields is shown. As presented, 
the values of the applied AC and DC magnetic field differ from the supplied field on the GdBCO sample. However, 
the range of values is relatively close that they can be considered for comparison. When the supplied AC and DC 
magnetic fields are added, almost the same strength of the fields is applied to both samples. Intragrain and intergrain 
a decrease in height and minimal shifting of the peak to lower temperature is observed. There is no change in the 
transition temperature of the YBCO nor is broadening in the drop of the onset of diamagnetism observed. Similarly, 
YBCO data implies that DC magnetic field as high as 4.53 mT applied does not drive flux penetration or vortices on 
the superconducting grains.  
 Comparing the data above to the response of the sample to a bulk GdBCO sample, it can be shown that GdBCO 
shows a more sensitive AC magnetic susceptibility response. The applied AC and DC magnetic field for YBCO is 
relatively higher than GdBCO but netic field 
is added in GdBCO.  
 
4. Conclusions 
 
AC magnetic susceptibility of bulk GdBCO under superimposed AC and DC magnetic field is investigated. It is 
shown that DC magnetic field has an effect in the AC losses of the material. The abrupt decrease in the intergrain peak 
increase in height as the field increases. Comparison of the AC susceptibility results of YBCO and GdBCO shows that 
GdBCO has weaker tolerance to the applied field. At even lower magnetic field values, GdBCO confirms a more 
responsive susceptibility. These results suggest that YBCO is a better material for industrial applications and can still 
be improved. A model depicting the mechanism of the AC losses in bulk superconductors without flux penetration can 
be used to discern the causes of the AC losses observed in the material. 
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